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TITLE:  SPECIFIC GAGE ANALYSIS ON THE LOWER WHITE RIVER, ARKANSAS 
 
MAJOR PROFESSOR:  Dr. Christopher Lant 
 
 This study documents the stage adjustments in the Lower White River between 1931 and 
2012 at four rated gaging stations along the trunk stem of the river. The study reach extends from 
Calico Rock, Arkansas, to the confluence of the White River with the Mississippi River north of 
Arkansas City, a distance of about 509 km. The specific gage approach was used to track 
hydrological response in the study reach. In order to approach spatial homogeneity across the 
four gaging locations along the study reach, input discharges were normalized to multiples of 
mean daily flow (MDF). Specific gage analysis tracks water surface elevation changes for fixed 
discharge conditions over time. Three discharges were analyzed at each station: low flow, mean 
flow, and high flow. The low flow specific gage trends are emphasized to highlight degradation 
and aggradation due to the sensitivity of specific stages at low flows to channel bed elevation 
changes. An ‘enhanced interpolation’ technique was used to fill gaps in the specific stage time 
series in order to avoid errors derived from extrapolation of annual rating curves. The analysis 
shows decreasing trends in specific stage at Clarendon and DeValls Bluff at low flows, 
indicating net degradation. The gages at Newport and Calico Rock show increasing trends in 
specific stage over time at low flows, indicating aggradation downstream of Norfork and Bull 
Shoals reservoirs.  
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CHAPTER 1 
 
INTRODUCTION 
 
 
 Rivers are complex surface water systems that respond to a multitude of natural and 
anthropogenic influences. They are both the means and the route by which the products of 
continental weathering are carried to the oceans of the world (Leopold 1994). Fluvial processes 
of sediment entrainment, transport and deposition in river channels have an enormous impact on 
the landscape geometries and riparian ecosystems that surround them. 
 Of particular interest to this study are the processes of channel degradation-  a decrease of 
the  channel bed elevation on geologically rapid timescales;  and aggradation, the opposite 
process whereby sediment is deposited, resulting in a net gain in channel bed elevation.  Channel 
bed elevation is of great importance because of its influence not only on water surface elevations, 
but also riparian water tables, water quality, and ecosystem stability. In addition to the 
consequences on natural systems, degradation and aggradation can also have enormous impacts 
on river engineering structures such as bridges, ports, levees, and dams (Lane 1955; Heine and 
Lant 2009).  
 The Mississippi River has been extensively engineered to accommodate navigation and 
for flood control. These alterations on the fluvial system have resulted in substantial changes in 
the channel geometry, including, in many locations, a lowering of the channel bed, which serves 
as the base-level to which all of its tributaries flow. Many studies have focused on Mississippi 
River morphology due to its relative size and the many communities in the floodplain (Albertson 
and Patrick 1996; Biedenharn and Watson 1997; Pinter et a. 2010). By comparison, relatively 
less is known of its tributaries. 
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 The White River, flowing from east of Fayetteville, AR to its confluence with the 
Mississippi near Arkansas City, AR, has experienced rapid channel change over the last 100 
years. The lower White River Basin has been classified by the Ramsar Convention as a “Wetland 
of International Importance” and is home to one of the country’s largest intact forested wetlands, 
second only to the Atchafalaya River Basin (Craig et al. 2001). The impoundment and 
subsequent flow regulation along the upper reaches and navigational modifications along the 
lower reaches have led to a hydrologic regime significantly different than that which existed 
before these engineering projects were implemented. Few studies have focused on the long term 
effects of anthropogenic structures on the channel geometry and hydrologic regime of this river. 
 Through a greater understanding of the input variables and the resulting channel form and 
flow regime evolution, we may better understand the consequences of various anthropogenic 
stressors on this river’s overall fluvial health and stability. This study intends to determine the 
possible effects of hydraulic engineering (in the form of dams) and the lowering of the base-level 
(the Mississippi River) on both the channel bed elevation and flow regime of the White River.  
 The research presented in this study intends to answer the following questions: (1) What 
are the observed changes in specific stage through the period of hydrologic record? (2) What are 
the resulting longitudinal trends in specific stage? (3) What inferences can be made about 
changes in flow conveyance, channel geometry, and sediment transport? (4) What inferred 
linkages can be made to anthropogenic or river engineering activities to the observed changes in 
specific stage? 
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CHAPTER 2 
 
LITERATURE REVIEW 
 
2.1: Fluvial Geomorphology 
 
 Fluvial Geomorphology is the study of the interactions between river channel systems 
and the landscapes through which the rivers flow, and is derived from the Latin word for river, 
fluvius (Charlton, 2008). The spatial scales studied in geomorphology range from the size of a 
single grain of sand to an entire continental watershed, and the temporal scales range from a 
fraction of a second to hundreds of millennia (Schumm 1977).  
 A river represents a complex system of inputs and outputs, with relationships existing 
between each (Schumm and Parker 1973). The basic inputs and outputs of the fluvial system are 
water and sediment. The force of gravity acts upon these materials to move them towards lower 
elevations, until a “base level” such as a terminal lake, higher order stream, or the ocean is 
reached.  The energy of these flowing materials acts upon the channel bed through which they 
flow, and often times the forces associated with the flowing materials are not in balance with the 
forces holding the river channel bed together, resulting in erosional and depositional processes. 
These are the processes whereby a river can change the shape of the surface of the Earth, and are 
of primary concern to the fluvial geomorphologist. (Leopold et al. 1964; Charlton 2008).  
 The basic spatial unit of importance to the geomporphologist is the watershed, or the 
boundary that delineates the area in which all incoming water via precipitation inevitably is sent 
to the same defined outflow location under the force of gravity (Graf 2001). To fully understand 
a single fluvial system means gaining an understanding of all relevant variables within the 
watershed:  time, relief (elevation changes), geology (lithology and structure), climate, 
vegetation, volume of water above the base level (see section 2.8), hydrologic regime (see 
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section 2.2), drainage network morphology, hill slope morphology, and sediment characteristics. 
(Schumm 1977). 
 
2.2 The Hydrologic Regime 
 The hydrologic regime of a river is broadly defined as the range, variability, and 
magnitude of hydrologic parameters within the channel or watershed boundary over specified 
intervals of time. Usually, these parameters will include stage (water surface elevation above 
datum) and discharge (volume of flow per unit time). The hydrologic regime not only defines 
and constrains the ability of a river to maintain a state of equilibrium (see section 2.4) but has 
drastic consequences on other non-geomorphological or hydrological systems. For instance, the 
biotic structure, composition, and function of aquatic, wetland, and riparian ecosystems is largely 
dependent on this regime (Richter et al. 1997). Inter-annual and intra-annual regime dynamics 
shape both geophysical and biological cycles. Many aquatic species’ population dynamics are a 
function of these variations in hydrologic regime and can determine the successful execution of 
reproduction cycles (Poff and Ward 1989).  
 Much of the geomorphic changes that happen within a fluvial system are driven by 
discharges that are at the extreme high-end of the naturally occurring range of discharge 
conditions. This is a result of the increase by orders of magnitude in the volume of water moving 
past a particular location in a designated timespan, which in turn increases the stream power and 
ability to transport sediment (Leopold et al. 1964; Schumm 1977; Pinter and Heine 2005; 
Charlton 2008). Transportation and deposition of sediment is largely a function of stream power 
and sediment availability. This deposition (or entrainment) of sediment is what ultimately shapes 
the geometry of a river channel and the environment surrounding it.  
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2.3: Sediment 
 Sediment is the product of the physical and chemical breakdown of bedrock materials. 
Individual grain sizes of sediment range from microscopic particles of fine clay to large 
boulders. With the exception of Aeolian, or wind driven processes, a river is the primary route 
and means by which weathered geologic materials are transported from the continental surface 
towards the ocean and the river delta (Leopold 1994).  Through processes of sediment removal 
and deposition, mountains are destroyed and continents are expanded. 
 The amount of sediment that can be carried by any given body of moving water is 
determined by stream power (a function of discharge and channel slope), the geologic roughness 
of the channel bed (Johnson and Whipple 2010), and sediment supply (Lane 1955). The 
availability of sediment depends largely upon the underlying geologic substrate through which a 
particular river reach flows. Consolidated bedrock is much less susceptible to rapid changes in 
channel bed elevation (Finnegan et al. 2007; Pederson et al. 2007) than a substrate made up of 
loosely consolidated alluvial deposits, such as highly erodible loess (Heine and Lant 2009).  
Stream power is a vital factor in the determination of the capacity of a stream to adjust its 
morphology via sediment transport (Biedenharn et al. 2000). In addition to stream power, 
sediment supply changes due to soil conservation practices, landslides, diastrophism, and 
anthropogenic engineering on river channels can lead to imbalances in equilibrium and can 
encourage channel geometry change (Rakovan and Renwick 2011). 
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2.4: The Concept of Equilibrium 
A river is said to be in a state of equilibrium, or “in regime”, at a given reach, when the 
sediment supplied by the river upstream will equal the amount of sediment carried downstream 
from the reach (Lane, 1955; Biedenharn 2000) Degradation and aggradation may occur, but will 
counteract each other in equal proportions, leaving the shape of the channel unchanged.  This 
stable or “graded” state is rarely observed in the field (Leopold 1994). A state of ‘dynamic 
equilibrium’ is more common as the river channel will change its geometry with respect to the 
various forces applied to its system at any given point on the river channel (Schumm 1977).   
 
Figure 2.1: a visual representation of the concept of equilibrium, from Henson 2010, adopted 
from Lane 1955. Qs represents the amount of available sediment, D50 is the median grain size of 
the sediment, Qw represents the discharge of water (volume divided by time) and S represents the 
slope of the channel at a given reach. Changes on either side of the scale will result in either 
degradation or aggradation, as indicated by the arrows in the middle of the scale.  
 
 
 
A change in channel slope, flow regime, sediment load, or median particle size will 
encourage channel form changes on the river in both the upstream and downstream directions. 
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This response to a change is complex (Schumm 1977; Charlton 2008) and will continue until the 
river has once again reached equilibrium or a new set of forcing mechanisms has altered the 
fluvial system towards a new equilibrium state. (Lane 1955) 
 
2.5: Degradation 
 Degradation occurs when the forces of sheer stress associated with stream power exceed 
the cohesive and gravitational forces acting on the channel bed materials. In such a case, the 
channel reach is no longer in equilibrium and the stream has more capacity to carry sediment 
than its supply, and can be considered “hungry” (Charlton 2008). If the channel is made of an 
alluvial or erodible substrate, the river will begin to pick up sediment and transport it 
downstream, lowering the bed elevation and incising the channel (Langendoen et al. 2009; 
Rakovan and Renwick 2011).  
 Excesses of the sheer forces associated with stream power can be caused by increases in 
channel slope (Wohl and Ikeda 1997; Finnegan et al. 2005), decreases in suspended sediment 
load, and reduction in the geologic roughness of the channel bed. (Heine and Lant 2009).  
Channel slope can be increased through tectonic uplift (Attal et al. 2008), lowering of the 
base-level (Leopold and Bull 1979; Begin et al. 1980; Heine and Lant 2009; Bowman et al. 
2010), and through channel modifications such as meander cutoffs and dredging of the channel 
bed (Biedenharn et al. 2000; Jemberie et al. 2008).  
Sediment load can be reduced by natural means when the river runs out of sediment 
supply upstream, or by artificial sediment traps such as dams that effectively prevent sediment 
from travelling past the dam in a downstream direction. (Graf 2006;  Mussleman 2011). The 
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water flowing out of the dam is largely devoid of sediment and the imbalance of sediment to 
carrying capacity leads to a degradation of the channel bed.  
While incision is a naturally occurring process that has formed the channels of all rivers 
on Earth, anthropogenic influences can exacerbate and accelerate the process (Rakovan and 
Renwick 2011). The deleterious effects of rapid channel incision include a lowering of riparian 
water tables, damage to ecological systems, increases in sediment load, decreases in water 
quality, and damage to infrastructure (Bornette and Heiler 1994; Heine and Lant 2009; Pinter et 
al. 2010; Rakovan and Renwick 2011). As well, the rate and extent of degradation is often 
linearly correlated to sediment supply and transport capacity, indicating the vital role of sediment 
in any study of channel geometry (James 1997; Johnson and Whipple 2010) 
Channel incision, or degradation on geologically rapid timescales, has been studied using 
computational models (Langendoen et al. 2009; Attal et. al 2008), artificial water channels, or 
flumes (Schumm  and Parker 1973; Begin et al. 1980; Wohl and Ikeda 1997; Johnson and 
Whipple 2010), in theory (Mackin 1948; Lane 1955) and observed in the field (Graf 1977; 
Perderson et al. 2002;  Attal et al. 2008; Bowman et al. 2010; Heine and Lant 2009; Musselman 
2011) 
 
2.6 Aggradation 
 Aggradation is the deposition of sediment by a fluvial system, or degradation in reverse. 
(Leopold et al. 1964; Schumm 1977; Clauson 2007). In this case, sediment supply exceeds the 
transport capacity of the stream, and therefore must deposit some of the sediment in an effort to 
naturally move towards equilibrium. In many cases, aggradation and degradation are present 
simultaneously on separate reaches of the same river (Charlton 2008). The complex response of 
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a channel to a perturbation usually involves cycles of both these processes before the river attains 
new equilibrium after the disturbance (Hey 1979; Biedenharn and Watson 1997) 
 
2.7: Rates of Change  
 Graf (1977) found that the response times to a disturbance in a fluvial system follow a 
negative exponential decay rate similar to the half-lives associated with radioactive decay. After 
a brief period of ‘relaxation’ time following a disturbance, the rate of change will initially be 
rapid, and will continue to decline at an exponential rate as time passes (Albertson and Patrick 
1996). It should also be noted that this represents the average rate of change, and the complexity 
of fluvial stressors on this rate may change more drastically over shorter timescales (Schumm 
1991; Cook et al. 2009).  Another study (Hey 1979) discovered that a ‘dampened oscillation’ 
between degradation and aggradation was observed as the channel in question responded to both 
spatial and temporal changes in sediment load and discharge conditions. The magnitude of these 
oscillations gradually decreased over time, eventually approaching zero. 
 The spatial rates of change follow a similar pattern to the radioactive half-life, with the 
highest level of change occurring adjacent to the site of disturbance, with change propagating 
both upstream and downstream from the disturbance with decreasing intensity as a function of 
distance. (Begin et al. 1980; Attal et al. 2008; Heine and Lant 2009; Bowman et al. 2010; 
Musselman 2011). All studies of geomorphic response to a causal mechanism are best examined 
on large timescales, as the complex effects and responses are often not visible on short 
timescales. (Graf 2001; Petts and Grunnell 2005; Hudson et al. 2008).  
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2.8: The Base Level 
 Base Level is a term coined by John Wesley Powell and is defined as the elevation where 
incision can no longer occur downstream. In the case of most rivers, the ultimate base level of 
the ocean represents a hydraulic gradient of zero, and thus the potential energy of the stream can 
no longer be converted to the kinetic energy associated with stream power, nullifying all 
streambed processes (Leopold and Bull 1979).  
The original definition of base-level has since been expanded to indicate any point of a 
channel bed downstream of the point of reference (Cook et al. 2009). For example, the Dead Sea 
in Israel acts as base-level for the streams that flow into it (Bowman et al. 2010), and the 
Mississippi River is a base level for its tributaries (Biedenharn et al. 2000).  
The base level is the longitudinal terminus in the measurement of channel gradient, and 
therefore plays an important role in stream power, which is one of the primary drivers of 
sediment transport. A lowering of the base level increases the channel slope, and therefore the 
stream power, increasing the likelihood of channel incision through degradation. On the 
contrary, raising the base level leads to a decrease in slope and a decrease in stream power, and 
encourages deposition and further increases in the channel bed elevation. (James 1997; Charlton 
2008). 
Base level dynamics as a driver for channel bed elevation change have been studied in 
the Glen Canyon, Utah (Leopold and Bull 1979), The Trinity River in Texas (Musselman 2011), 
The Dead Sea in Israel (Moshe et al. 2008; Bowman et al. 2010) and the loess-dominated region 
of the Missouri River and its tributaries (Heine and Lant 2009). Changes in base level can be 
wrought by both natural fluvial processes and anthropogenic influences such as river engineering 
(Lane 1955).  
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2.9 River Engineering 
Rivers worldwide have been extensively modified by humans to facilitate flood control, 
improve navigation, supply water to surrounding populations, and provide recreation. Dams, 
locks, levees, weirs, wing dikes and cutoffs have been implemented to accommodate these needs 
(US Congress 1928; Orlowski et al. 1995). These engineering marvels often lead to significant 
ecological and morphological changes within a fluvial system (Biedenharn and Watson 1997; 
Hudson et al. 2009; Pinter et al. 2010).  
The Mississippi River and its numerous tributaries are no exception. They have long have 
been channelized, leveed, dredged, and otherwise modified to accommodate river navigation and 
prevent flood damages to those residing in its vast floodplain (Barry 1998).   
On the Lower Mississippi River, meander cutoffs have greatly reduced the length of the 
channel, leading to increased slope, stream power, and the ability to move sediment. The 
resulting channel incision has lowered the water profile and therefore the base level for many of 
its tributaries (Orlowski et al. 1995; Biedenahrn et al. 2000; Jemberie et al. 2008). As 
anthropogenic influences on the base level of a river represent one of the largest downstream 
variables driving disequilibrium, there are also upstream influences to consider.  
 Dams provide numerous socioeconomic benefits including generation of hydropower and 
flood control. In the US, nearly every river has been engineered in some way, and over 80,000 
dams fragment the nation’s connected river channels into individual stream segments (Graf 
2001). These reservoirs drastically lower outflowing water temperatures and act as effective 
sediment traps (Graf 2006). The outgoing flow, starved of sediment and representing an 
imbalance between the carrying capacity and sediment load, will often encourage scouring and 
other degradational processes (Brandt 2000). However, aggradation has also been observed 
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downstream of tributaries due to the main channel’s reduced flows and capacity to carry 
sediment (Petts 1982). However, perhaps the most robust effect a dam can have on a fluvial 
system is the change to the hydrologic regime downstream.  
 The ecological integrity of a river system is largely dependent on the hydrologic regime 
(Poff et al. 1997; Magilligan and Nislow 2005). Dams drastically change river hydrology, 
namely through changes in the timing, magnitude, and frequency of high and low flows (Benke 
1990; Graf 1999; Magilligan and Nislow 2001; Nislow et al. 2002). The hydrologic regime is 
often drastically different than the natural flow regime that existed prior to the closure of a dam 
(Poff et al. 1997). The hydrologic regime essentially controls the geomorphic processes within a 
basin and provides the interface between river channels and the surrounding riparian zones. In 
addition to geomorphic consequences, the functionality and diversity of riparian habitats are 
largely dependent on the hydrologic regime (Stanford and Ward 1993). Previous studies have 
shown that in some cases, elimination of large floods following the closure of dams leads to a 
reduction in biodiversity (Molles et al. 1998; Nislow et al. 2002) and significant alterations in 
river food webs (Wootton et al. 1996).  
 Previous studies on the geomorphic effects downstream of dams focus on cross-sectional 
channel morphology (Hadley and Emmett 1998), channel bed elevation changes (Brandt 2000), 
and changes in the sediment regime (Graf 1980; Andrews 1989). Petts and Grunnel (2005), as 
well as Brandt (2000) synthesize the history of this research and suggest future directions, 
including an emphasis on the role of vegetation and the importance of the hydrologic regime.   
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2.10 Specific Gage Analysis  
Previous research has shown the “Specific Gage” technique to be a valuable tool for 
assessing and quantifying changes in the flow conveyance capacity at a specific location along a 
river channel (Blench 1969; Biedenharn and Watson 1997; Pinter et al. 2001). A specific gage 
(or specific stage) is defined as a water surface elevation height for a fixed discharge condition at 
a specified time.  
This method is notable for its ability to separate between “in-stream” and “upstream” 
causal mechanisms. In-stream mechanisms include engineering structures and changes to the 
floodplain that may change the way a river behaves. On the other hand, upstream mechanisms 
include climate and land use factors that affect the volume of water available to a particular 
location on a river channel. By holding discharge values constant in the specific gage analysis, 
the upstream factors that affect discharge probabilities are eliminated. Changes in stage cannot 
be linked to changes in discharge, and therefore must be related to changes in the conveyance 
capacity or flow velocity of the channel at that location.  
Past studies have applied this method to the Mississippi (Biedenharn and Watson 1997; 
Clauson 2007; Jemberie et al. 2008),   Missouri (Pinter and Heine 2005; Jemberie et al. 2008), 
Tiszla (Venczel 2007); and Rhine (Pinter et al. 2006) rivers. Of particular importance to this 
study are the previous analyses on the lower Mississippi River, which have shown drastic 
reductions in specific stage following the widespread meander cutoffs implemented in the 1930s. 
This reduction in water surface elevation for fixed discharges has lowered the base level for 
many of its tributaries, including the White River. The difference between the surface elevation 
of the Mississippi River and the White River at the confluence was so drastic that the $262 
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million Montgomery Point Lock and Dam was built (U.S. Army Corps of Engineers [USACE] 
1993) to accommodate barge traffic, and numerous bridges needed repair (Heine and Lant 2009).  
 
2.11 Indicators of Hydrologic Alteration 
 The Indicators of Hydrologic Alteration (IHA) is a statistical software package that 
calculates 33 parameters of hydrologic and ecologic importance using historical daily stage or 
discharge data. The methods and software were developed by Richter (1996) in cooperation with 
the Nature Conservancy. These 33 indices fall within 5 major groups: (1) magnitude of monthly 
water conditions; (2) magnitude and duration of annual extreme water conditions; (3) timing of 
annual extreme water conditions; (4) frequency and duration of high and low pulses; and (5) rate 
and frequency of water condition changes (Richter 1996; 1997; Lian et al. 2012). These 
parameters were chosen due to their biologic and geomorphic relevance, and can illustrate both 
inter-annual and intra-annual variations before and after any event, such as the closure of a dam. 
This easy to use statistical package quantifies numerous ways in which a hydrologic regime can 
be altered.  
 Craig (2001) applied this method to a study of the White River Basin, and found the 
dams built along the upper reaches to have significantly altered the hydrologic regime after the 
closure of the reservoirs. (For a map of the White River basin and selected gaging stations, see 
Figure 2.2). Specifically, at each station analyzed, the number of high flows was greatly reduced, 
and the frequency of low flows was increased. As well, spring runoff was held behind the dams 
and released in the subsequent summer months. Overall, the variability of discharges decreased 
as stability increased with the regulated flows coming out of the bottom of the reservoirs.  
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CHAPTER 3 
STUDY AREA 
3.1.1: The White River  
The White River, a ninth order stream and tributary to the Mississippi River, is 
approximately 1,162 kilometers (722 miles) in length and flows from its headwaters in the 
Boston Mountains just east of Fayetteville, Arkansas, northeast into southern Missouri, and then 
southeast back into northern Arkansas and on to its confluence with the Mississippi River near 
Batesville, AR on the eastern Arkansas border.  The White River watershed is shown within the 
context of the larger Mississippi River watershed in Figure 3.1. The White River watershed and 
study area is shown in detail in Figure 3.2.  
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Figure 3.1: the Mississippi River watershed is shown in light blue,ranging from Southwest 
Canada, New Mexico, and Pennsylvania.The extent of the study area map (Figure 3.2) is shown 
outlined in red, and the White River watershed shown in green, encommassing regions of 
Northern Arkansas and Southern Missouri. 
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Figure 3.2: The Study Area. The location of the map extent is shown in the inset map of the 
United States. The White River watershed is shown in light green, and the trunk stem of the 
White River is shown as a red line. Locations of the relevant reservoirs are shown with labels. 
Also visible are the two hydrologic gaging stations on the Mississippi River, used to determine 
any changes in specific stage at the mouth of the White River, which flows out between them.  
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The White River watershed drains an area of 71,911 square kilometers, roughly the size 
of West Virginia, and lies within a humid subtropical climate zone (Koppen classification Cfa). 
The underlying geology in the Ozark Mountain region from the headwaters to just upstream of 
Newport, AR, primarily consists of hard bedrock materials composed of predominately 
dolomites, sandstones, and limestones. The White River flows out of this Ozark geology and into 
a region of more loosely consolidated alluvial materials just upstream of Newport, AR. These 
alluvial materials underlie the river until it reaches its endpoint at the confluence with the 
Mississippi river (Haley 1993).  
 
Figure 3.3: Longitudinal Profile of gaging stations along the White River, along with primary 
geologic substrates.  
 
 Stream power, a function of discharge and slope, is of great importance for understanding 
fluvial processes and the ability of a stream to do geomorphic work. As seen in Figure 3.3, the 
slope of the channel is much greater in the Ozark Mountain region from Fayetteville to 
Batesville, than in the flatter alluvial plain from Batesville to the river mouth. For this reason, 
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stream power is greatly reduced once the river reaches the relatively flat portion of the 
longitudinal profile, and it can be deduced that the underlying alluvial substrate of the flat 
portion exists because the reduction in stream power at the boundary between slopes results in 
higher deposition of alluvial deposits as the stream power is no longer sufficient to carry all of 
the sediment load, thereby depositing many of these weathered materials making up the alluvial 
substrate. While the Ozark Mountain region has a higher slope that would encourage geomorphic 
work, the underlying material is harder and less erodible. The opposite is true of the alluvial 
plain, which has a relatively smaller slope but is made up of a more highly erodible substrate 
material.  
 
3.1.2: Dams and Reservoirs on the White River 
Most of the reaches upstream of the gage at Flippin, AR are inundated by concrete 
gravity dams constructed for the purposes of flood control and hydroelectric power.  
There are four dams of interest to this investigation, which can be seen in Figure 3.2 as 
reservoirs, labeled “lakes”. These dams were constructed as part of the Flood Control Act of 
1938, signed into law by President Franklin Delano Roosevelt. Three of them impound the main 
stem of the White River: Bull Shoals Dam, completed in 1951, Table Rock Dam, completed in 
1956, and Beaver Dam, completed in 1966. Another dam of interest is Norfork Dam, completed 
in 1943, that impounds the Norfork River near its confluence with the White approximately 35 
kilometers downstream of the Bull Shoals Dam. Norfork Dam, along with Bull Shoals Dam, are 
the furthest downstream of the dams in the study area and act as the final regulatory structures 
for the hydrologic regime of the White River downstream of Norfork, AR. Locations of each 
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reservoir can be seen in Figure 3.2 and a summary of dam completion dates and storage capacity 
can be found in Table 3.1. 
Table 3.1: Summary of dams relevant to the study area, with the river impounded, completion 
date, and storage capacity. 
 
 
 
 
As dams effectively fragment a river into separate, largely independent stream systems 
(Graf 2001), this study will mainly focus on the reach of the White River just downstream of the 
Bull-Shoals Dam to its confluence with the Mississippi, which is undammed and represents a 
relatively connected and singular fluvial system compared to the fragmented system of the reach 
upstream from Bull Shoals Dam. It should be noted that the hydrologic regime of this lower 
reach is connected in a fluvial sense, but is largely controlled by the output regulations of the 
Bull Shoals Dam and Norfork Dam. Both of these dams regulate outflow according to strict 
regulations that are modified over time to accommodate changing climate as well as flood 
control, and hydroelectric power generation needs. 
 As noted in the literature review, the White River has experienced problematic channel 
incision over the past 100 years. This study aims to provide a quantitative history of channel 
geometry and flow conveyance dynamics along the lower reach of the White River in order to 
better understand the natural processes and anthropogenic stressors that govern its channel 
geometry dynamics. This study also aims to contribute to the understanding of the greater 
Mississippi River system of which the White River is a part.  
Dam (reservoir) River Date Completed Capacity (cubic meters)
Norfork Norfork 3/31/1943 2,445,994,484
Bull Shoals White 7/24/1951 6,670,669,777
Table Rock White 9/9/1956 4,400,446,455
Beaver White 12/26/1966 2,407,139,806
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3.2: Mississippi River from Helena, AR to Arkansas City, AR 
 In addition to analysis on the trunk stem of the White River, the reach of the Mississippi 
River between Helena, AR and Arkansas City, AR is examined. This reach contains the 
confluence, or mouth, of the White River and acts as the base level to which the White River 
flows. As no gaging station exists at this confluence, results will be estimated as an interpolation 
of the data between the Helena and Arkansas City gages, which both have high-density long term 
records of both stage and discharge. 
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CHAPTER 4 
METHODS 
4.1: Data Sources 
 This investigation utilizes comprehensive historical daily stage (water surface elevation 
above a historical datum) and discharge (volume of flow per unit time) records at six long-term 
‘rated’ gaging stations on the White and Mississippi rivers. A ‘rated’ gaging station is one where 
both stage and discharge records are available for each day of station-data used in the analysis. 
See Figure 3.2 for locations of gaging stations.  
The data obtained for gaging stations on the White River is used for determining changes 
in channel geometry and flow conveyance along the trunk stem of the White River downstream 
of Bull Shoals Dam. The data obtained for stations on the Mississippi River is used to determine 
changes in channel geometry and or flow conveyance for the mouth of the White River at its 
confluence with the Mississippi River, which acts as the base level to which the White River 
Flows.  
 Daily stage records were obtained primarily through the USACE online archival 
resources and via electronic mail correspondence with the Little Rock and Memphis district 
headquarters. These data were available in both digital and non-digital formats. Where 
necessary, the non-digital data were digitized to supplement existing digital records. Most data 
used were the “daily” stage records taken at 8:00AM CST. When the 8:00AM records were not 
available, the 12:00 AM records were used.  
 Historical daily discharge records were obtained for 10 gaging stations (see map) and 
were obtained through the United States Geological Survey (USGS) from online archives as well 
as through electronic mail correspondence with the regional headquarters in Little Rock, AR. 
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These discharge observations are actually estimates procured through the use of rating curves, as 
a function of the stage elevation. These rating curves are generally recalibrated and updated 
quarterly using actual field observations of real-time flow velocities multiplied by the area of the 
river cross-section below the water surface at a given location.  
 The majority of daily historical stage and discharge records for the Helena and Arkansas 
City gages on the Mississippi River were provided by Dr. Jonathan Remo, as these data were 
part of previous studies (Remo et al. 2008, Jemberie et al. 2008) quantifying changes along the 
lower Mississippi River. These data were supplemented with more recent records made available 
after 2003.  
 All data used prior to 2012 has been processed through USACE and USGS quality 
assurance/quality control. The 2012 records have been published as ‘provisional’ and are subject 
to revision.  
 As the data were obtained from multiple sources and in varying formats, all data were 
uniformly re-formatted and transformed to metric units in Microsoft Excel 2010 in preparation 
for analysis in Excel, as well as SDAS (Stage-Discharge Analysis Software). 
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Figure 4.1: An example of a hydrograph (daily discharge values shown as a function of time) for 
the gages on the White River near Calico Rock, AR (top) and Clarendon, AR (bottom).  The 
segmented vertical lines indicate the completion dates of the Norfork and Bull Shoals Dams.  
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4.2: Specific Gage Analysis 
 
 Specific gage analysis is a simple and powerful tool used for assessing changes in 
channel form and or flow conveyance at a particular location along a stream.  (Biedenharn and 
Watson 1997). Blench (1969) introduced this concept: 
 There is no single sufficient test whether a channel is in regime. However, for rivers, the  
 most powerful single necessary test is to plot curves of “specific gage” against time; if  
 the curves neither rise nor fall consistently the channel is in-regime in the vicinity of the  
 gaging site for most practical purposes.  
 
 The specific gage is a plot of calculated stage values for fixed discharge conditions over 
time at a particular gaging station where long term daily stage and discharge data are 
systematically recorded. Using precisely controlled, constant discharge conditions reveals stage 
trends with relatively less scatter than those using only the highest and lowest raw discharge 
conditions in a given year (Pinter and Heine 2005).  Increasing or decreasing trends over time in 
specific stage for a constant-discharge condition can be interpreted as increases or decreases in 
flow conveyance at a given location as a result of changes in channel geometry or flow velocity 
(Pinter et al. 2001).  
 When discharge conditions are held constant, the analysis, by nature, excludes processes 
that may alter the distribution of discharge frequency. Stage trends thus represent changes in the 
conveyance capacity of the channel itself. These trends in specific stage are therefore not 
sensitive to extreme discharges resulting in changes in climatic conditions and or land use 
change, and instead represent changes to the channel geometry and possibly flow velocity at 
each station included in the analysis (Pinter and Heine 2005). 
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4.2.1: About Rating Curves 
 Specific gage elevations were calculated using regression models derived from rating 
curves at each station for a particular year. A rating curve is a regression function of the observed 
discharge values vs. the observed stage values in a given period of time. An example of a rating 
curve for the White River near Clarendon, AR in 1930 can be seen in Figure 4.2.   During the 
initial phase of data processing, several regression models were tested to determine the best 
overall goodness-of-fit of the regression model to the observed data  using both the coefficient of 
determination (R
2
) as well as a visual assessment of the regression line, especially for high 
discharge values.  
 The result of this assessment was similar to Jemberie (2008), and the best fit for most 
station-years was a third-order polynomial regression of the stage (H) on the log of discharge 
(Q):
 
H=A(LogQ)
3
 + B(LogQ)
2
 + C(LogQ) + D 
 Where A, B, C, and D are regression coefficients. The third order polynomial consistently 
fitted the data at high discharge values better than a second order polynomial function even 
though the increase in R
2 
may not have been significant in all cases. For this reason, the third-
order polynomial function shown above was used for all specific gage analysis.  
 
4.2.2: Criteria for inclusion    
 The aforementioned third order polynomial regression was performed on each station-
year of data and subject to inclusion criteria derived from Jemberie (2008). A minimum R
2
 
threshold of 0.90 was implemented to accept the fitted function.  All station-years not meeting 
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this minimum requirement were excluded from the analysis. As well, all station years without at 
least 150 days of data were excluded, even if they met the R
2
 criteria.  
 
 
Figure 4.2: An example of a rating curve, from the gage near Clarendon, AR in 1930. The third 
order polynomial regression function is also shown, along with the R
2 
value.  
 
4.2.3: Calculating Specific Stages 
 Using the regression function above, specific stages were calculated for each calendar 
year at each gaging station for a variety of fixed discharge conditions. The fixed discharges used 
are described in the following section. The literature on specific gage analysis has shown that 
extrapolation of the rating curve beyond the range of data actually observed in a given year 
cannot be relied upon due to increased error and variability of the calculated stage (e.g., Pinter et 
al. 2001, Jemberie et al. 2008). For this reason, specific gage calculations were not performed on 
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a year (t) where the fixed discharge condition used for the calculation (Q) did not fall within the 
range of observed discharges (Qmin[t] to Qmax[t]). These criteria result in a decreased number of 
specific stage values that can be calculated at both the lower, and especially the higher end of 
discharge conditions used. 
 
3.2.4: Fixed Discharge Conditions 
 Because the gaging stations analyzed are spatially distributed along the trunk stem of the 
White River, tributary streams will add discharge volume to stations downstream of the tributary 
confluence and not to those upstream. For this reason, stations farther downstream have a 
considerably larger average discharge than their upstream counterparts, especially in humid 
environments. Using a fixed numerical discharge condition between all stations would result in 
the exclusion of much of the data due to the extrapolation criteria mentioned above. For 
example, the average discharge at Clarendon, AR (the station farthest downstream) is 839.11 
cubic meters per second (cms). At the farthest upstream station near Calico Rock, AR, a 
discharge of 839.11 cms is rarely exceeded (4% of all 19,597 daily discharge records). 
 In an effort to achieve spatial homogeneity, average daily discharge (mean daily flow, or 
MDF, calculated over the entire period of record) was calculated for each station and multiples 
of a particular gage’s MDF were used to calculate that gage’s specific stage values. These values 
are chosen to represent extreme flow conditions at the high and low end of the within-bank 
discharge range, and are of high importance (Pinter and Heine 2005).  For all stations, theses 
discharges (Qflow) are MDF (Q), 0.5*MDF (Qlow), and 2*MDF (Qhigh). The Qlow discharge was 
selected to quantify trends in the hydrologic response for low flows, and approaches the lowest 
possible discharge value without frequent loss of specific stage values due to exclusion by 
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extrapolation. This low flow value is of greatest importance to this investigation, as changes in 
stage for Qlow indicate channel degradation and aggradation. Qhigh represents moderately high 
flows without extrapolation and is used to track changes in high flow and/or flood conditions.  
 
4.2.5: Enhanced interpolation 
 The selection criteria used to avoid extrapolation of rating curves leads to numerous 
discontinuities in the specific gage time series whenever the range of observed discharges in a 
given year does not contain the selected discharge (Qflow) used for computation of the specific 
stage value. This is especially true for Qhigh, or 2*MDF. This study employs an “enhanced 
interpolation technique” outlined by Jemberie (2008) that allows for computation of continuous 
specific stage time series without extrapolation of the rating curves. Instead of using a linear 
regression model to blindly interpolate values between valid years, a specific stage trendline is 
computed for the maximum observed discharge in years where Qmax[t] < Qhigh , and forces the 
shape of this trend onto the trendline for Qhigh. The methodology for this enhanced interpolation 
is outlined by the following algorithm described in Jemberie (2008): 
(1) Let Q be the discharge for which the specific stage Ht is to be computed for year t,  
 and let Q*t (which is less than Q) be the maximum discharge observed at that 
 station in year t.   
(2) Let Q*t1, Q*t2, …, Q*tn (>Q) be the maximum discharges observed in n years t1,  
  t2,…tn, at the same station, where n is the number of years in which Q is exceeded  
  or equaled at this station.  
(3) Using the discharge Q and the rating curves fitted for the years t1, t2,…, tn, the specific 
 stages Ht1, Ht2,…,Htn can be computed for the n years.  
(4) Let H*t be the maximum specific stage (corresponding to Q*t) that can be computed 
 for year t without extrapolating the rating curve.  
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(5) Using the rating curves fitted for the years t1, t2,…, tn calculate the specific stages 
 H*t1, H*t2,..., H*tn corresponding to discharge Q*t. 
(6) Determine the equation of the trendline fitting the points (t1, H*t1), (t2, H*t2), …, 
 (tn, H*tn) and calculate the vertical distance between H*t and this trendline.  
(7) Determine the equation of the trendline fitting the points (t1, Ht1), (t2, Ht2), …, (tn, 
Htn). The intended specific stage H is calculated at a vertical distance from this trendline 
that is the same as the distance calculated in the previous step. 
 
 This interpolation technique is exemplified in Figure 4.3 for a discharge of 1,678 cms 
(2*MDF) at Clarendon, AR for the year 1936. The maximum observed discharge at this station 
was 977 cms, thereby failing to meet the criteria for a successful specific stage calculation due to 
the extrapolation of the rating curve. In order to obtain the interpolated value for this year, 
specific stages were calculated for Q=1,678cms (2*MDF) and Q*1936=977 cms (the maximum 
observed discharge in 1936), and linear trendlines were fit to the specific stage values for both 
series. The vertical distance from the calculated stage H*1936 from the Q*1936  trendline was then 
used as the vertical distance from the Q=1,678 trendline at year 1936 to obtain the interpolated 
value.  
 
31 
 
 
Figure 4.3: An example of the enhanced interpolation technique for the gaging station on the 
White River near Clarendon, AR in the year 1936. The interpolated value used for the specific 
gage analysis is shown as a black diamond. The vertical distance between the interpolated value 
and the linear trendline for Q=1,678 cms is the same as the vertical distance between the 
specific stage for 1936 and the trendline for Q=977 (the maximum observed discharge in 1936). 
 
4.2.6: Determining Trends in Specific Gage  
 Once the specific stage values were calculated for the period of record at each gaging 
station, a linear regression was performed on the values in order to determine the direction and 
significance of the trend of the specific stage values over time for each discharge condition. 
Statistical tests (t-tests) were performed on the slope coefficients (Bx) of the regression in order 
to determine the significance of the trend. This t-test uses p-value criteria outlined in Biedenharn 
and Watson (1997) to determine whether or not a slope coefficient was significantly different 
than zero.  
 The null hypothesis states that the slope coefficient is equal to zero, or H0: Bx=0. 
Conversely, the alternate hypothesis states that the slope coefficient is not equal to zero, or      
H1: Bx ≠0. If the p-value is less than 0.01, the null hypothesis is rejected and the slope is 
considered to be significantly different than zero, indicating a significant change in specific stage 
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values over time. If the p-value is between 0.01 and 0.09, the results are considered inconclusive. 
A p-value above 0.1 is considered insignificant and results in a failure to reject the null 
hypothesis, indicating a slope that is not significantly different than zero. A summary of the 
hypotheses and statistical criteria can be found in Table 4.1.  
 
Table 4.1: Summary of hypotheses and statistical criteria used to determine whether trends in 
specific stage values over time are significantly different than zero.  
    
    
 
3.2.7: Interpolation of Specific Gage at the Confluence with the Mississippi River 
 In addition to the specific gage analysis conducted on the four gages on the main stem of 
the White River, an additional analysis was conducted between two gaging stations on the 
Mississippi River upstream and downstream of the confluence with the White River, where there 
is no gaging station. In order to estimate trends in specific stage at a location with no records of 
stage or discharge, specific gage analysis was conducted for the rated gaging stations on the 
Mississippi River near Helena, AR, and Arkansas City, AR, which are upstream and downstream 
of the White River confluence, respectively. 
 This portion of the analysis differs from the White River main stem analysis in that the 
same fixed numerical discharge values (equal to multiples of the Helena gage MDF) were used 
at both stations. The reason for this is because the stations are not significantly separated 
spatially, and the Helena discharges fell within the range of observed values at Arkansas City.  
Hypotheses P-Value Criteria Decision Conclusion
H₀: Bx = 0 0.0 ≤ p ≤ 0.009 Reject H₀ Significant Slope
H₁: Bx ≠ 0 0.01 ≤ p ≤ 0.09 Inconclusive Inconclusive
0.1 ≤ p ≤ 1.0 Fail To Reject H₀ Insignificant Slope
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 Once specific gage records were synthesized for both stations on the Mississippi River, 
an interpolation of specific stage values was calculated for each year at the confluence of the 
White River using a weighted average between the two Mississippi River stations based on river 
kilometer distance from the confluence to each gage. The following formula was used: 
HWRt = {HHt*[DTotal – DH] + HACt*[DTotal – DAC]} / DTotal 
 Where HWRt  is the interpolated stage value, in meters,  for the White River mouth in year 
t;  HHt  is the calculated stage, in meters, for year t at Helena, AR; HACt  is the calculate stage, in 
meters, for year t at Arkansas City, AR; DTotal is the distance between Helena, AR and Arkansas 
City, AR, in river kilometers; DH is the distance from the White River mouth to Helena, in river 
kilometers; DAC is the distance from the White River mouth to Arkansas City, AR, in river 
kilometers.  
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CHAPTER 5 
RESULTS 
5.1: Specific Gage Analysis 
 The results of each specific gage analysis will be presented in an upstream fashion, 
beginning with the interpolated stage values for the White River at the confluence with the 
Mississippi River. As the confluence represents the base level to which the White River flows, it 
is an important variable when determining slope, and therefore stream power for the White 
River. Also, degradation or aggradation at the base level can trigger an upstream wave of 
degradation or aggradation. 
 Results at each gage are given as both a timeseries of specific stage values for  Qhigh  and 
Qlow, as well as the change in stage for each flow as a function of the difference from the value at 
the first year in the period examined. These graphics are accompanied by a summary  table of the 
statistical tests showing the actual fixed discharges in cubic meters per second, the number (n) of 
years included in the regression analysis, the regression coefficients for slope (Bx) and intercept 
(B0), the coefficient of variation (R
2
), the t-statistic (t) associated with the slope coefficient Bx, 
the p-value associated with the t-statistic, the decision made regarding the null hypothesis (H0: 
Bx=0), and whether or not the slope is considered to be significant in accordance with the 
decision rules described in Table 4.1.  
 A summary of the results for Qlow for each gaging station is also presented along with a 
longitudinal profile of the average rate of change per year as a function of distance in river 
kilometers.  
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5.2: Mississippi River at the Mouth of the White River 
 The specific stages at the mouth of the White River were interpolated (see above) from 
two gaging stations on the Mississippi River from 1930 to 2000. As with all specific gage 
analyses in this investigation, three flows were used as the fixed discharge conditions: Q (MDF), 
Q low (0.5*MDF), and Q high (2*MDF). The MDF used for all three locations was calculated using 
discharges at the Helena, AR station. The most relevant of these flows, Qlow  is emphasized in 
Figure 5.1 to illustrate the change in channel bed elevation over time.  
 The negative direction and high significance of the slope coefficient for the trendline on 
the “White River Confluence” specific stages at low flows illustrates the strong degradational 
trend of this reach of the Mississippi River, which is thought to have been instigated by the 
cutoff program implemented on the Mississippi River during the 1930s in an effort to reduce 
flood stages via increased slope. (Jemberie et al. 2008). Based on the incision patterns observed 
by Heine and Lant (2005), one would expect to see an accompanying wave of incision move 
upstream from this location until a non-erodible substrate is reached, or the effects of the base 
level change are no longer observable due to the extent of spatial separation from the base level. 
 The trendline for high flows also shows a strong, significant negative trend, signaling a 
decrease in near bankfull stages or flow conveyance for constant high discharges over time.  
 
 
36 
 
 
Figure 5.1: The interpolated specific stage values for the White River mouth (shown as circles); 
along with the calculated specific stage values at Helena, AR (shown as triangles) and Arkansas 
City, AR (shown as squares). The strong degradational trend is apparent.  
 
 
 
Table 5.1: Summary of statistical tests on the changes in specific stages over time for the mouth 
the White River. 
 
 
 
 
 
 
Q(MDF) Q(cms) n Bx Bo R² t p-value Decision Result
High=2*MDF 28253.2 71 -0.030 70.058 0.525 -8.730 0.0000 Reject H₀ Significant Slope
MDF 14126.6 71 -0.028 60.253 0.675 -11.964 0.0000 Reject H₀ Significant Slope
Low=.5*MDF 7063.3 60 -0.031 62.344 0.827 -16.655 0.0000 Reject H₀ Significant Slope
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5.3: The White River near Clarendon, AR 
 Specific stage values were calculated for the gage on the White River near Clarendon, 
AR for the years 1932 to 2010. Significant positive slopes were found for the trendlines 
representing Q and Qhigh, indicating an increase in stage for average and high flows. The trend 
for Qlow showed a negative trend with a significant slope coefficient in accordance with the 
predefined p-value criteria. A summary of the statistical results for each fixed discharge 
condition can be found in Table 5.2. The significant negative slope for Qlow indicates a gain in 
flow conveyance, either through a lowering of the channel bed or an increase in flow velocity. 
 
Figure 5.2: Specific stages shown over time for the gage on the White River near Clarendon, AR 
from 1929 to 2010. The increasing slope of the Qhigh  trendline is significant, while the slight 
negative slope of the Qlow trendline is inconclusive.  
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Figure 5.3: Changes in specific stage over time since 1929 for the gaging station on the White 
River near Clarendon, AR. The slopes of the trendlines are seen with greater resolution than the 
absolute calculated values of specific stage.  
 
 
 
Table 5.2: Summary of statistical tests on changes in specific stage over time for the gaging 
station on the White River near Clarendon, AR.  
 
 
 
 
 
 
 
Q(MDF) Q(cms) n Avg. Change (m/year) Bx Bo R² t p-value Decision Result
High=2*MDF 1678.2 78 0.00728 0.00160 5.20270 0.09700 2.91335 0.00465 Reject H ₀ Significant Slope
MDF 839.1 78 0.00550 0.00240 1.83020 0.18410 4.22182 0.00006 Reject H ₀ Significant Slope
Low=.5*MDF 419.6 78 0.00050 -0.00120 7.94781 0.07150 -3.72251 0.00038 Reject H₀ Significant Slope
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5.4: White River near DeValls Bluff, AR 
 Specific stages were calculated for the White River near DeValls Bluff, AR from 1950 to 
1969, and from 1989 to 2012. Sufficient data were not available from 1970 to 1988, and those 
years were excluded from the specific stage calculations. However, long term trends were 
analyzed over the entire period of record. Significant negative slopes were recorded for Q and 
Qlow, indicating a degradational trend at this location. The slight positive slope of the Qhigh 
trendline is insignificant. 
 
 
Figure 5.4: Specific stage values shown over time for the gage on the White River near DeValls 
Bluff, AR from 1950 to 1969 and 1989 to 2012. The increasing slope of the Qhigh  trendline is 
significant, while the slight negative slope of the Qlow trendline is inconclusive.  
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Figure 5.5: Changes in specific stage over time since 1950 for the gaging station on the White 
River near Clarendon, AR. The slopes of the trendlines are seen with greater resolution than the 
absolute calculated values of specific stage.  
 
 
 
Table 5.3: Summary of statistical tests on changes in specific stage over time for the gaging 
station on the White River near DeValls Bluff, AR.  
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Hydrologic Response at DeValls Bluff, AR 
Q High 
Q low 
Q(MDF) Q(cms) n MeanΔ(m/yr) Bx Bo R² t p-value Decision Result
High=2*MDF 1536.5 44 0.0019 -0.0011 8.8210 0.0392 -1.3097 0.1974 Fail To Reject H₀ Insignificant Slope
MDF 768.3 44 -0.0139 -0.0114 27.3814 0.8522 -15.5639 0.0000 Reject H₀ Significant Slope
Low=.5*MDF 384.1 44 -0.0113 -0.0153 32.8919 0.8250 -14.0709 0.0000 Reject H₀ Significant Slope
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5.5: The White River near Newport, AR 
 Specific stage elevations were calculated for the gaging station on the White River near 
Newport, AR from 1940 to 2010. Trendlines for Q, Qhigh, and Qlow were all positive. However, 
only the trend for stages at Qhigh was shown to be significant, signaling an increase in flood 
stages for the constant discharge value. The slope for values calculated from Q was inconclusive, 
and the slope for Qlow shows no significance.  
 
 
Figure 5.6: Specific stages shown over time for the gage on the White River near Newport, AR 
from 1940 to 2010. The increasing slope of the Qhigh  trendline is significant, while the slight 
positive  slope of the Qlow trendline is not significant.  
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Figure 5.7: Changes in specific stage over time since 1940 for the gaging station on the White 
River near Newport, AR. The slopes of the trendlines are seen with greater resolution than the 
absolute calculated values of specific stage.  
 
 
Table 5.4: Summary of statistical tests on changes in specific stage over time for the gaging 
station on the White River near Newport, AR.  
 
 
 
 
 
 
 
 
Newport
Q(MDF) Q(cms) n MeanΔ(m/yr) Bx Bo R² t p-value Decision Result
High=2*MDF 1277.8 64 0.0038 0.0038 -1.6510 0.2572 4.6339 0.0000 Reject H₀ Significant Slope
MDF 638.9 63 0.0044 0.0014 0.5410 0.0598 1.9704 0.0533 Inconclusive Inconclusive
Low=.5*MDF 319.5 63 0.0042 0.0008 -0.2777 0.0226 1.1864 0.2401 Fail To Reject H₀ Insignificant Slope
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5.6: The White River near Calico Rock, AR 
Specific stages were calculated for the White River near Calico Rock, AR from 1940 to 
1987, and from 1995 to 2012. Sufficient data were not available from 1988 to 1994, and those 
years were left out of the analysis. However, long term trends were analyzed over the entire 
period of record. Significant positive slopes were recorded for Q, Q high and Qlow, indicating an 
aggradational trend at this location.  
 
 
Figure 5.8: Specific stages shown over time for the gage on the White River near Calico Rock, 
AR from 1940 to 1987 and 1995 to 2012. The increasing slope of the Qhigh  and Qlow trendlines 
are significant. 
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Figure 5.9: Changes in specific stage over time since 1940 for the gaging station on the White 
River near Calico Rock, AR. The slopes of the trendlines are seen with greater resolution than 
the absolute calculated values of specific stage.  
      
 
Table 5.5: Summary of statistical tests on changes in specific stage over time for the gaging 
station on the White River near Calico Rock, AR.  
 
    
 
 
 
 
 
 
 
Q(MDF) Q(cms) n MeanΔ(m/yr) Bx Bo R² t p-value Decision Result
High=2*MDF 586.5 51 0.0092 0.0091 -15.0891 0.3081 4.6714 0.0000 Reject H₀ Significant Slope
MDF 293.3 51 0.0086 0.0078 -13.6064 0.4393 6.1959 0.0000 Reject H₀ Significant Slope
Low=.5*MDF 146.6 51 0.0079 0.0066 -11.8605 0.5226 7.3246 0.0000 Reject H₀ Significant Slope
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5.7: Summary of Low-Flow Analysis 
 The calculated specific stages for all four White River gaging stations at Qlow are shown 
in Figure 5.10. The slope of the trendline for Clarendon and Devalls bluff is negative, and 
statistically significant, with the trendline at DeValls Bluff showing a greater rate of change than 
at Clarendon. The trend at Newport is not significantly different from zero. The trend at Calico 
Rock is significantly positive.  
 
 
Figure 5.10: Trendlines for specific stage values at all four gaging stations on the White River 
are shown. An inconclusive trend is shown at Clarendon, a significant degradational trend is 
seen at DeValls Bluff, an insignificant trend at Newport, and a significantly positive, or 
aggradational trend at Calico Rock.  
 
 
46 
 
 
 
Figure 3.2: Map of the Study Area is shown again for reference.  
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In addition to examining trends for linear regressions of calculated specific stage values 
over time, a longitudinal profile of the White River was constructed using the average rate of 
change at each location per year. These rates of change were calculated by subtracting the 
specific stage of the first year in the record from the specific stage in the final year, and dividing 
by the number of years that separate the two. These results can be seen in Figure 5.11. The 
strong degradational trend is shown at the mouth of the White River and at DeValls Bluff, AR. 
The gage near Clarendon also shows degradation, but at a lesser rate than the mouth of the White 
River and at DeValls Bluff. Aggradation is shown for Newport and Calico Rock.  
   
 
Figure 5.11: Longitudinal profile of the White River representing average change in specific 
stage per year at Qlow. Degradation is shown at the mouth of the River, Clarendon, and at 
DeValls Bluff, while aggradation is shown at Newport and Calico Rock.  
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4.8: Summary of High-Flow Analysis 
 The specific stages recorded for Qhigh showed a significantly positive trend at all four 
locations. This can be interpreted as increasing flood stages at constant discharges or as 
conveyance loss due to overall channel narrowing, possibly a result of increased levee heights or 
other restricting structures.  
 
 
Figure 5.12: Trendlines for specific stage values at all four gaging stations on the White River 
are shown for high flows. A significant increasing trend was observed at all stations, indicating 
increases in flood stages or decreases in flow conveyance/velocity. 
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CHAPTER 6 
CONCLUSIONS AND DISCUSSION 
6.1: Conclusions and Discussion of Specific Gage Analysis 
 The purpose of the specific gage analysis was to quantify changes in stage over time for 
fixed discharge conditions and define regional patterns of hydrologic response to the reservoirs 
on the White River and the lowering of its base level.  Using low fixed discharge conditions 
reveals changes in the elevation of the channel bed, i.e. degradation and aggradation. Changes in 
high flow conditions represent increases and decreases for large flow or flood events and can 
signal changes in flow conveyance and velocity.  
In addition to traditional specific gage analysis techniques, this investigation employed 
the use of two methodological refinements: 1) ‘enhanced interpolation’ in order to fill gaps in the 
specific stage time series for large discharges without extrapolation of annual rating curves, and 
2) a method for normalizing discharges spatially by using multiples of mean daily flow (MDF) 
as the fixed discharge conditions at each site, allowing for comparison between sites where the 
naturally occurring range of discharge conditions can vary greatly.  
These analyses were performed on four gaging stations on the trunk stem of the White 
River downstream from the Bull Shoals and Norfork dams, as well as on two gaging stations on 
the Mississippi River (in order to determine the change in base level over the study period).  
Overall, 140,943 daily records comprised of stage elevations and discharge measurements were 
utilized resulting in 362 station-years of data. These data effectively described changes in 
specific stages for various flow conditions on 509 km of the White River, from Calico Rock to 
the confluence with the Mississippi River. 
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 The severe lowering of the base level prior to the completion of the Montgomery Point 
Lock and Dam may have triggered a wave of degradation in an upstream direction on the White 
River due to the increase in channel slope, and therefore stream power. At the upstream end, the 
period of dam building from 1943 to 1966 resulted in the impoundment of nearly 16 billion cubic 
meters of water. As well, the drastic changes made to the hydrologic regime (Craig et al. 2001) 
led to decreases in the variability, magnitude and duration of floods with a one or two year 
recurrence, which are responsible for the majority of geomorphic work (Wolman and Miller 
1960). The apparent aggradation observed through the specific gage analysis at Calico Rock and 
Newport might potentially be linked to this alteration of the hydrologic regime. 
 
6.2: Specific Stages for Low Flows 
 The results for low flow specific gage analysis at the gaging stations farthest downstream 
at Clarendon and DeValls Bluff are not as similar as one might expect considering the proximity 
of these sites, which are separated by approximately 37 river kilometers. Both stations show a 
significant negative trend, but the magnitude of the slope coefficient at the DeValls Bluff gage is 
much greater, indicating less stability and a greater rate of change. The specific stage for low 
flow at DeValls Bluff is 0.7 meters lower in 2012 than it is in 1950. By comparison, the change 
in specific stage at Clarendon is only 0.3 meters for the same time period. This degradation may 
possibly be explained by the severe base-level lowering shown by the specific gage analysis at 
the mouth of the White River, in a similar fashion to what Heine and Lant (2009) found in the 
loess region of the Missouri River valley. The relative lack of degradation at Clarendon, closer to 
the source of base level lowering than DeValls Bluff, suggests that either the substrate at 
Clarendon is less susceptible to short-term geomorphic changes, or that due to other factors, 
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stream power is reduced at this location. We would expect Clarendon to show stronger 
degradation than its upstream counterparts as a function of spatial distance from the base-level. It 
appears that a more complex response is taking place.  
 At the two more upstream stations in this analysis, positive specific stage trends were 
observed at Calico Rock and Newport, suggesting aggradation, though the slope of the trend at 
Newport was shown to be insignificant according to the statistical criteria used. However, the 
specific stage value at Newport for Qlow in 2012 is 0.3 meters higher than it was for the same 
discharge in 1940, signaling net aggradation. The insignificant p-value may likely be a result of 
the low R
2 
associated with the linear regression. A visual analysis of the specific stages for Qlow 
at Newport indicates that the low coefficient of determination may derive from the high 
variability of specific stages over time.  
The results show that the aggradational trends seen at the two upstream stations are in 
opposition to the “clearwatering” effect that has been observed in other studies (Brandt 2000), 
where the sediment depravation in the water flowing out of dams results in channel incision. 
Instead, it is possible that aggradation is occurring here due to the reduction in magnitude and 
duration of higher flow events, specifically the pre-dam 1-2 year flood recurrences (Craig 2001), 
which are responsible for performing the majority of geomorphic work (Wolman and Miller 
1960, Petts 1982).  
 
6.3 Future Research 
 Many extensions of this investigation would contribute to the greater knowledge of the 
White River system, and of the long-term effects of river engineering river channels. For 
instance, the acquisition of historical bathymetric cross section maps would show more 
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quantifiable channel geometry trends. These trends could be correlated with many of the other 
variables that influence channel geometry and flow conveyance changes, such as vegetation, land 
use, sediment supply, cutoffs, and stream power dynamics. 
   
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
53 
 
REFERENCES 
 
Albertson, P. E.; and D. M. Patrick. 1996. “Lower Mississippi Tributaries: Contributions to the  
 Collective Science Concerning the ‘Father of Waters’.” Engineering Geology 45(1996):  
 383-413. 
 
Andrews, E. D. 1989. “Downstream Effects of Flaming Gorge Reservoir on the Green River,  
 Colorado and Utah.” Geological Society of America Bulletin 97: 1012-1023.  
 
Attal, M.; G.E. Tucker; A. C. Whittaker; P. A. Cowie; and G. P. Roberts. 2008. “Modeling  
 Fluvial Incision and Transient Landscape Evolution: Influence of Dynamic Channel  
 Adjustment.” Journal of Geophysical Research 113(FO3013):1-16. 
 
Barry, J. M. 1998. Rising Tide: The Great Mississippi Flood of 1927 and How it Changed  
 America. Simon and Schuster Paperbacks. New York, New York. 
 
Begin, Z. B.; D. F. Meyer, and S. A. Schumm. 1980. “Knickpoint Migration Due to Baselevel  
Lowering.” Journal of the Waterway Port Coastal and Ocean Division 106 (WW3): 369-
88. 
 
Benke, A. C. 1990. “A Perspective on America’s Vanishing Streams.” Journal of the North  
 American Benthological Society 9(1): 77-88.  
 
Biedenharn, D. S. and C. C. Watson. 1997. “Stage Adjustment in the Lower Mississippi River,  
 USA.” Regulated Rivers: Research and Management 13:517-36. 
 
Biedenharn, D. S.; C. R. Thorne; and C. C. Watson. 2000. “Recent Morphological Evolution of  
 the Lower Mississippi River.” Geomorphology 34(2000):227-49. 
 
Blench T. 1969. Mobile-Bed Fluviology: A Regime Theory Treatment of Canals and Rivers for  
 Engineers and Hydrologists. University of Alberta Press. Edmonton, Alberta.  
 
Bornette, G.; and G. Heiler. 1994. “Environmental and Biological Responses of Former  
 Channels to River Incision: A Diachronic Study on the Upper Rhone River.” Regulated  
 Rivers and Management 9:79-92. 
 
Bowman, D.; T. Svoray; S. Devora; I. Shapira; and J.B. Laronne. 2010. “Extreme Rates of  
 Channel Incision and Shape Evolution in Response to a Continuous, Rapid Base-level  
 Fall, the Dead Sea, Israel.” Geomorphology 114: 227-37. 
 
Brandt, S. A. 2000. “Classification of Geomorphological Effects Downstream of Dams.”  
 Catena 40(2000): 375-401.  
 
 
 
 
54 
 
Charlton, R. 2008. Fundamentals of Fluvial Geomorphology. Routledge. New York, New York. 
 
Clauson, K. 2007 “Measuring Trends in Riverbed Graduation: A Lower Mississippi River Case  
 Study.” (Master’s Thesis, Southern Illinois University, 2007) 
 
Cook, K. L.; K. X. Whipple; A. M. Heimsath; and T. C. Hanks. 2009. “Rapid Incision of the  
 Colorado River in Glen Canyon – Insights from Channel Profiles, Local Incision Rates,  
 and Modeling of Lithologic Controls.” Earth Surface Process and Landforms 39:994- 
 1010. 
 
Craig, M. A.; W. E. Kitchen; and W. R. Wise. 2001. “Analysis of Hydrologic Data for the  
 White River Basin.” Final Report on Research Work Order no. 203. University of  
 Florida, Gainesville. Fisheries and Aquatic Sciences. 10p.  
 
Finnegan, N. J.; T. K. Fuller; and L. S. Sklar. 2007. “Interplay of Sediment Supply, River  
 Incision, and Channel Morphology Revealed by the Transient Evolution of an  
 Experimental Bedrock Channel.” Journal of Geophysical Research 112: 17p. 
 
Graf, W. L. 1977. “The Rate Law in Fluvial Geomorphology.” American Journal of Science,  
 277: 178-91 
 
Graf, W. L. 1980. “The Effect of Dam Closure on Downstream Rapids.” Water Resources  
 Research 16(1): 129– 136. 
 
Graf, W. L. 1999. “Dam Nation: A Geographic Census of American Dams and Their Large- 
 Scale Hydrologic Impacts.” Water Resources Research 35(4): 1305-1311.  
 
Graf, W. L.. 2001. “Damage Control: Restoring the Physical Integrity of America’s Rivers.” 
 Annals of the Association of American Geographers 91(1):1-27. 
 
Graf, W. L. 2006. “Downstream Hydrologic and Geomorphic effects of Large Dams on  
 American Rivers.” Geomorphology 79 (2006) 336-60. 
 
Hadley, R. F.; and W. W. Emmett. 1998. “Channel Changes Downstream of a Dam.” 
 Journal of the American Water Resources Association 34(3): 629-637.  
 
Haley, B. R. 1993. Geologic Map of Arkansas. 1: 500,000. United States Geological Survey.  
 1993.  
 
Heine, R. A.; and C. Lant. 2009. “Spatial and Temporal Patterns of Stream Channel Incision in  
 the Loess Region of the Missouri River.” Annals of the Association of American  
 Geographers 99(2): 1-23. 
 
Hey, R. D. 1979. “Flow Resistance in Gravel Bed Rivers.” Journal of the Hydraulics Division- 
 ASCE 105(4): 365-379.  
 
55 
 
 
Hudson, P. F.; H. Middlekoop; and E. Stouthammer. “Flood Management along the Lower  
 Mississippi and Rhine Rivers (The Netherlands) and the Continuum of Geomorphic  
 Adjustment.” Geomorphology 101: 203-236.  
 
James, L. A. 1997. “Channel Incision on the Lower American River, California, from Sreamflow  
 Gage Records.” Water Resources Research 33(3): 485-490.  
 
Jemberie, A. A.; N. Pinter; and J. W. F. Remo. 2008. “Hydrologic History of the Mississippi and  
 Lower  Missouri Rivers Based on a Refined Specific-Gauge Approach.” Hydrological  
 Processes 22: 4436-47. 
 
Johnson, J. P. L., and K. X. Whipple. 2010. “Evaluating the Controls of Shear Stress, Alluvial 
 Cover, and Channel Morphology on Experimental Bedrock Incision Rate.” Journal of  
 Geophysical Research 115: 21p.  
 
Lane, E. W. 1955. “The Importance of Fluvial Geomorphology in Hydraulic Engineering.” 
 Proceedings of the American Society of Civil Engineers 81: 17p.  
 
Langendoen, E. J.; R. R. Wells; R. E. Thomas; A. Simon; and R. L. Bingner. 2009. “Modeling  
 The Evolution of Incised Streams. III: Model Application.” Journal of Hydraulic  
 Engineering 135(1):  476-86. 
 
Leopold, L. B., Wolman, M. G., and Miller, J. P. 1964. Fluvial Processes in Geomorphology,  
 W.H. Freeman and Co., San Francisco, California. 522p. 
 
Leopold, L. B.; and W. L. Bull. 1979. “Base Level, Aggradation, and Grade.” Proceedings of the  
 American Philosophical Society 123(3): 168-202 
 
Leopold, L. 1994. A View of the River. Harvard University Press. Cambridge, Massachusetts. 
 
Lian, Y.; M. Dimmissie; R. Sparks; and J. You. 2012. “Impact of Human Activities to  
 Hydrologic Alterations on the Illinois River.” Journal of Hydrologic Engineering 17: 
 537-546.  
 
Mackin, J. H. 1948. “Concept of the Graded River.” Bulletin of the Geological Society of  
 America 59: 463-512.  
 
Magilligan, F. J., and K. H. Nislow, 2001. “Long-term Changes in Regional Hydrologic Regime  
 Following Impoundment in a Humid-Climate Watershed.” Journal of the American  
 Water Resources Association 37 (6): 1551– 1569. 
 
Magilligan, F. J.; and K. H. Nislow. 2005. “Changes in Hydrologic Regimes by Dams.”  
 Geomorphology 71(2005): 61-78.  
 
 
56 
 
Molles Jr., M. C.; C. S. Crawford; C. N. Dahm; L. M. Ellis; and H. M . Vallet. 1998. “Managed  
 Flooding for Riparian Ecosystem Restoration.” BioScience 48(9): 749-756. 
 
Moshe, L. B.; Y. Enzel; I. Haviv; A. Matmon; and E. Zilberman. 2008. “Incision of Alluvial  
 Channels in Response to a Continuous Base Level Fall: Field Characterization,  
 Validation, and Modeling along the Dead Sea.” Geomorphology 93: 523-546.  
 
Musselman, Z. A. 2011. “The Localized Role of Base Level Lowering on Channel Adjustment  
 of Tributary Streams in the Trinity River Basin Downstream of Livingston Dam, Texas,  
 USA.” Geomorphology 128: 42-56. 
 
Nislow, K. H.; D. Bechtel; H. Fassnacht; F. J. Magilligan; and A. Ruesink. 2002. “Effects of  
 Dam Impoundment on the Flood Regime of Natural Floodplain Communities in the  
 Upper Connecticut River.” Journal of the American Water Resources Association 38(6):  
 1533- 1548. 
 
Orlowski, L. A.; P. W. Mielke Jr.; and S. A. Schumm. 1995. “Reach Classifications of the  
 Lower Mississippi River.” Geomorphology 14: 221-234. 
 
Pederson, J.; K. Karlstrom; W. McIntosh; and W. Sharp. 2002. “Differential Incision of the  
 Grand Canyon Related to Quaternary Faulting- Constraints from U-Series and Ar/Ar  
 Dating.” Geology 30(8): 739-742.  
 
Petts, G.E., 1982. “Channel changes in regulated rivers.” In: Adlam, B.H., Fenn, C.R., Morris, L.  
 Eds. Papers in Earth Studies, Lovatt Lectures. Worcester. Geo Books, Norwich, pp. 117– 
 142. 
 
Petts, G. E.; and A. M. Grunell. 2005. “Dams and Geomorphology: Research Progress and  
 Future Directions.” Geomorphology 71: 27-47.  
 
Pinter, N., R. Thomas, and J. H. Wlosinski. 2001. “Flood-Hazard Assessment on Dynamic 
 Rivers. Eos: Transactions of the American Geophysical Union 82: 333–339. 
 
Pinter, N., and R. Heine. 2005. “Hydrodynamic and Morphodynamic Response to River  
 Engineering Documented by Fixed-Discharge Analysis, Lower Missouri River, USA.” 
 Journal of Hydrology 302: 70-91.  
 
Pinter, N.; B. S. Ickes; R. R. Van der Ploeg; and J. H. Wlosinski. 2006. “Trends in Flood Stages:  
 Contrasting Results from the Mississippi and Rhine River Systems.” Journal of  
 Hydrology 331:554-566. 
 
Pinter, N.; A. A. Jemberie; J. W. F. Remo; R. A. Heine; and B. S. Ickes. 2010. “Cumulative  
 Impacts of River Engineering, Mississippi and Lower Missouri Rivers.” River Research  
 and Applications 26: 546-71. 
 
 
57 
 
Poff, N. L., and J. V. Ward. 1989. “Implications of Streamflow Variability and Predictability for 
 Lotic Community Structure – A Regional Analysis of Streamflow Patterns.” Canadian 
 Journal of Fisheries and Aquatic Sciences 46(10): 1805-1818.  
 
Poff, N. L.; J. D. Allan; M. B. Bain; J. R. Karr; K. L. Prestegaard; B. D. Richter; R. E. Sparks;  
 And J. C. Stromberg. 1997. “The Natural Flow Regime.” Bioscience 47(11): 769-784.  
 
Rakovan, M. T. and W. H. Renwick. 2011. “The Role of Sediment Supply in Channel Instability  
 And Stream Restoration.” Journal of Soil and Water Conservation 66(1):40-50. 
 
Remo, J. W. F.; R. Heine; B. S. Ickes; and N. Pinter. 2008. “New Databases Reveal 200 Years of  
 Change on the Mississippi River.” Eos: Transactions of the American Geophysical  
 Union 89(14): 134-135. 
 
Richter, B. D.; J. V. Baumgartner; D. P. Braun; and J. Powell. 1996. “A Method for Assessing  
 Hydrologic Alteration within Ecosystems.” Conservation Biology 10(4): 1163-1174.  
 
Richter, B. D.; J. V. Baumgartner; D. P. Braun; and R. Wiggington. 1997. “How Much Water 
 Does a River Need?” Freshwater Biology 37: 231-249.  
 
Schumm, S. 1977. The Fluvial System. The Blackburn Press. Caldwell, New Jersey. 
 
Schumm, S. 1991. To Interpret the Earth: 10 Ways to be Wrong. Cambridge University Press.  
 New York, New York.  
 
Schumm, S. A. and R. S. Parker. 1973. “Implications of Complex Response of Drainage Systems  
 for Quaternary Alluvial Stratigraphy.” National Physical Science 243: 99–100. 
 
Stanford, J. A.; and J. V. Ward. 1993. “An Ecosystem Perspective of Alluvial Rivers:  
 Connectivity and the Hyporheic Corridor.” Journal of the American Benthological  
 Society 12(1): 48-60.  
 
U.S. Army Corps of Engineers. 1993. “Value Engineering Study Final Report on the  
 Montgomery Point Lock and Dam McLellan Kerr River Arkansas Navigation System,  
 White River, Arkansas. Little Rock, AR” U.S. Army Corps of Engineers. 
 
U.S. Congress. 1928. “A Summary of the Army Engineers’ Plan for Flood Control of  
 The Mississippi.” The Congressional Digest February 1928: 48-70.  
 
Venczel, R. 2006 “Historical and Seasonal Patterns in the Conveyance Capacity of the Tisza  
 River, Hungary.” (Master’s thesis. Southern Illinois University Carbondale, 2006)  
 
Wohl, E.; and H. Ikeda. 1997. “Experimental Simulation of Channel Incision into a Cohesive  
 Substrate at Varying Gradients.” Geology 25(4) 295-98. 
 
 
58 
 
Wootton; J. T.; M. S. Parker; and M. E. Power. “Effects of Disturbance on River Food Webs.” 
 Science 273(5281): 1558-1561.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
59 
 
VITA 
Graduate School 
Southern Illinois University 
 
Adam L. Shaffner 
 
Adam.shaffner@gmail.com 
 
University of Colorado at Boulder  
Bachelor of Arts, Environmental Studies, August 2007 
 
Special Honors and Awards: 
 Gamma Theta Upsilon, inducted May 2012 
 
Thesis Title: 
 Specific Gage Analysis on the Lower White River, Arkansas 
 
Major Professor:  Dr. Christopher Lant 
 
 
